Objective To compare postoperative complications in patients undergoing major surgery who received non-filtered or filtered red blood cell transfusions. Design Prospective, randomised, double blinded trial. Setting 19 hospitals throughout the Netherlands (three university; 10 clinical; six general). Participants 1051 evaluable patients: 79 patients with ruptured aneurysm, 412 patients undergoing elective surgery for aneurysm, and 560 undergoing gastrointestinal surgery. Interventions The non-filtered products had the buffy coat removed and were plasma reduced. The filtered products had the buffy coat removed, were plasma reduced, and filtered before storage to remove leucocytes. Main outcome measures Mortality and duration of stay in intensive care. Secondary end points were occurrence of multi-organ failure, infections, and length of hospital stay. Results No significant differences were found in mortality (odds ratio for filtered v non-filtered 0.80, 95% confidence interval 0.53 to 1.21) and in mean stay in intensive care ( − 0.4 day, − 1.6 to 0.6 day). In the filtered group the mean length of hospital stay was 2.4 days shorter ( − 4.8 to 0.0 day; P = 0.050) and the incidence of multi-organ failure was 30% lower (odds ratio 0.70, 0.49 to 1.00; P = 0.050). There were no differences in rates of infection (0.98, 0.73 to 1.32). Conclusion The use of filtered transfusions in some types of major surgery may reduce the length of hospital stay and the incidence of postoperative multi-organ failure.
Introduction
Red blood cell transfusions are indispensable in major surgery, but they still entail potential risks for morbidity and mortality. [1] [2] [3] [4] [5] [6] [7] [8] Although blood products have never been safer with respect to transmission of infectious diseases, patients who receive blood transfusions can still develop immunological reactions. Antibodies to leucocytes received during transfusions can cause febrile reactions which can be prevented by removal of leucocytes from the blood product. On the other hand, beneficial effects such as better survival of allografts in kidney transplantation 9 and improved survival in patients with HIV who receive transfusions 10 are attributed to the allogeneic leucocytes. Over the past decade, several studies have examined the possibility of an increased risk of postoperative complications associated with perioperatively transfused leucocytes. Specific issues addressed were the increased risks of postoperative infections and of recurrence of cancer after curative resection. The recurrence of cancer was explored in only one study in patients with colorectal cancer, in which there was no advantage of removing leucocytes from transfusions. 11 Five prospective randomised studies investigated the incidence of postoperative infections after abdominal surgery by [11] [12] [13] [14] [15] comparing outcome after transfusions of non-filtered red blood cells or red blood cells with leucocytes filtered out. Three of these trials [13] [14] [15] observed a reduction and two 11 12 found a similar incidence of postoperative infections after filtered transfusions. Heterogeneity prohibited calculation of a common odds ratio for these trials. 16 In the only study performed in cardiac surgery, filtered products were associated with a reduction in postoperative infections and mortality due to multi-organ failure, but these effects were present only in patients who had received 4 or more units. 17 Multi-organ failure is a common postoperative complication after major surgery. 18 It resembles the clinical outcome of adult respiratory disease syndrome 19 and septic shock, [18] [19] [20] [21] results in prolonged stay in intensive care, and is a major cause of death. We investigated whether removal of allogeneic leucocytes reduces postoperative complications in patients undergoing major surgery.
Methods

Pilot study
We retrospectively analysed all patients with a diagnosis of multiorgan failure who died postoperatively in the intensive care unit at Leiden University Medical Centre between 1988 and 1994. We identified five main surgery groups (aortic aneurysm, major oncological surgery, colorectal surgery, trauma, and pancreatitis). Subsequently a single blinded pilot study stratified for type of surgery was performed in 119 patients. Patients were randomised to receive either standard red cells with the buffy coat removed or filtered leucodepleted red cells. We excluded the surgery types "trauma" and "pancreatitis" because of small numbers. Of the 115 remaining patients, 31 did not receive blood transfusions. Of the 84 transfused patients, 13/44 (29.5%) in the non-filtered group and in 9/40 (22.5%) in the filtered group experienced multi-organ failure. The overall mortality was 18% and 10%, respectively. None of the results showed a significant difference.
This pilot showed that a randomised trial was feasible and helped with the study design and calculation of the sample size. On the basis of the pilot study results, we estimated that we would need 400 evaluable transfused patients in each group to detect a reduction of 8% in mortality and of two days' stay in intensive care ( = 0.1 and < 0.05). We assumed that at least 65% of the patients would be evaluable and receive transfusions and therefore calculated that about 1250 patients had to be randomised.
Study design and participants
The study was conducted between June 2000 and December 2001 at 19 hospitals in the Netherlands. The primary outcome measures were mortality in hospital and duration of stay in intensive care. The secondary end points were incidence of multi-organ failure and postoperative infections and length of hospital stay.
Transfusions, antibiotic prophylaxis, and use of cell saver were indicated according to hospital protocols. Written informed consent was obtained from all participating patients. Statistical analysis of the study population was performed according to intention to treat 16 22 followed by analysis according to transfusion.
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Procedures
Each hospital was invited to assign patients for one or more of the three surgery groups: ruptured aortic aneurysm, elective non-ruptured aortic aneurysm surgery, and gastrointestinal oncology. Aneurysm patients were selected from those undergoing open aorta reconstruction surgery, including transabdominal aortic aneurysm repair and open aorta repair of thoracic aneurysms. Gastrointestinal procedures included resections of stomach, oesophagus, liver, colon, rectum, or pancreas and isolated liver perfusions. We excluded patients who were aged under 18 years, had received transfusions in the three months before the date of randomisation, or had had a previous adverse reaction to blood transfusions or had specific indications for filtered transfusions. In each hospital patients were stratified on the basis of type of surgery. Depending on the hospital, randomisation was performed either by telephone (central registration of randomisation) or by opening numbered and sealed envelopes at the hospital blood transfusion services. The transfusion service ensured that the released red blood cells appeared identical.
Data collection
We systematically scored characteristics of the patients before, during, and after surgery. The postoperative situation was assessed with standardised queries, daily in intensive care and weekly on the ward until the last day in hospital. Medical records were analysed for postoperative multi-organ failure according to a modified method of Knaus et al. 24 We defined multi-organ failure as the presence of two or more organs failing or needing support, or both, on the same day. Postoperative infection in patients was scored as defined by the criteria of the Centers for Disease Control and Prevention. 25 A research team coordinated entry of medical data by using the multicentre data management system ProMISe, on the website of the department of Medical Statistics of the Leiden University Medical Center. All the paper forms with medical data were transferred to the database, either at location via secure internet connections or centrally by the research nurses. Neither the identity of the patient nor the randomisation group was stored in the main database. The actual randomisation was provided to the statistician only at the final analysis.
Transfusion products
Units of red blood cell concentrates with the buffy coat removed contained up to 8×10
8 white blood cells/unit, whereas in red blood cells filtered before storage the maximum count was 10 6 white blood cells/unit. According to quality control of the blood supply these numbers are accurate in more than 95% of the units. Registrations of numbers of units that were transfused before, during, and after surgery transfused were downloaded from the hospital blood transfusion service computer system. During the study, protocol violations were reported monthly to the national trial office. Patients who received products in violation of randomisation remained in the assigned arm for intention to treat analysis. In cases of discrepancies between the registration according to the transfusion service and the patients' medical records, we used the transfusion service registration. We performed subgroup analysis of the transfused population, according to transfusion, to evaluate effects related to transfusion (leucocyte dose). For the analysis according to transfusion we excluded 51 patients, who received a total of 404 units, because they received at least one unit of the wrong (not randomised) product. This was mainly caused by non-availability of enough compatible randomised red blood cells but did not disturb the randomised distribution in the numbers of transfusions and patients transfused. Therefore, the number of patients analysed according to transfusion (n = 494) differed from the number of transfused patients analysed according to intention to treat (n = 545). In the analysis according to transfusion, we compared patients who received 1-3, 4-10, or > 10 units.
Statistical analysis
An independent data safety committee performed interim analysis of the end points (death, duration of stay in intensive care, and multi-organ failure) in 416 included patients. No objections were raised against continued recruitment.
We performed univariate comparison of baseline qualitative variables by 2 test; for quantitative parameters we used t test or Mann-Whitney U test. For comparison of outcome measures in both study groups, we stratified patients by participating hospitals and the three major types of surgery. Whenever the outcome was dichotomous, we used the Mantel-Haenszel approach. For continuous variables, we used analysis of variance, normalising the outcome (with a log function) if necessary. In the case of dichotomous outcome measures (mortality, multi-organ failure, and incidence of infection), we estimated the difference between the groups as odds ratios with 95% confidence intervals. Firstly, common odds ratios were calculated for each of the three types of surgery (averaged over the participating centres). If the result of the standard test for heterogeneity was insignificant, we estimated a final common odds ratio over the three types of surgery as the final effect size. If the odds ratios of the three types were significantly different, we have shown them for each type. Although we have shown their weighted average (the common odds ratio), it should be noted that the estimate depends intrinsically on the relative sizes of the contributing surgical type. We used bootstrapping 26 to test the equality of variances in the mean differences in the mean length of stay in intensive care and in hospital.
Results
Over 15 months, 1200 patients were randomised in 19 hospitals ( fig 1) ; 595 patients were randomised to filtered products and 605 to non-filtered products. We excluded 149 patients: 69 patients who received other diagnoses during or after surgery, 44 patients whose surgery was cancelled (or it took place in a nonparticipating hospital), 14 patients who declined to take part, and 22 patients because of administrative and logistic errors. The intake of patients in the study had to be stopped at the end of 2001 because of the implementation of universal leucocyte depletion of red blood cells in the Netherlands. This measure was taken by the Dutch Ministry of Health in an effort to reduce the risk of possible transmission of variant Creutzfeldt-Jacob disease in non-filtered transfusions.
Patients' characteristics
There were 1051 patients eligible for analyses (526 in the non-filtered group and 525 in the filtered arm): 79 acute aneurysm surgery, 412 elective aneurysm surgery, and 560 gastrointestinal oncological surgery. Table 1 shows the characteristics of the patients. The average duration of surgery was 208 minutes, though in 31 patients the exact duration was not known. Ninety eight patients (9%) died in hospital (28 acute aneurysm; 36 elective aneurysm, and 34 gastrointestinal surgery). Two thirds of the patients (n = 688) stayed in intensive care. The intensive care record was not recovered for nine patients. The median stay in intensive care (25th-75th centiles) for the total population was 2 (0-3) days (5 (2-18), 2 (2-4), and 1 (0-2) days for the three types of surgery, respectively). Multi-organ failure occurred in 164 (16% patients (43 (54%), 74 (18%), and 47 (8%), respectively). We had information about postoperative infection in 1011 of the 1051 patients. Postoperative infections occurred in 244 (24%) patients of the evaluable study population (34 (45%), 77 (19%), and 133 (25%), respectively). The median duration of hospital stay was 11 days (25th-75th centiles: 8-17 days). Two thirds (700 patients) of the total patient population stayed in hospital for less than 15 days, a fifth (210 patients) stayed 15-30 days, and 10 (1%) stayed for more than 90 days. The median durations of hospital stay (25th-75th centiles) for the three types of surgery were 17 (10-28), 10 (7-15), and 12 (9-17) days, respectively.
Number of transfusions
In the transfused population analysed according to intention to treat, 278 patients in the group randomised to non-filtered products and 267 patients in the group randomised to filtered products received transfusions. The median number (25th-75th centiles) of transfusions in the total randomised, intention to treat population was lower than expected (1 unit (0-4 units), table 1). In the population analysed according to transfusion 3013 units were administered to 494 patients with a median transfused dose of 4 (2-6) units/patient (table 1) . Table 2 shows the results of the intention to treat analysis for the primary and secondary end points.
Intention to treat analysis
Primary end points
Mortality in hospital-Mortality in hospital was 10.3% (54 patients) in the non-filtered group and 8.4% (44 patients) in the filtered group (common odds ratio 0.80, 95% confidence interval 0.53 to 1.21). The results of the test for heterogeneity among the three types of surgery was not significant (P = 0.20), indicating that the odds ratios for specific types of surgery do not actually differ from the common odds ratio for the total study population. However, there was a significant reduction in mortality (0.47, 0.23 to 0.99) in favour of filtered products in the patients undergoing gastrointestinal surgery. Because this difference in mortality between 23 (non-filtered) v 11 patients (filtered) (8% v 4%) could have been caused by imbalanced randomisation with respect to age, sex, duration of surgery, number of blood transfusions, or type of surgery, we have described the gastrointestinal group in more detail in table 3 .
Stay in intensive care-There was no significant difference in stay in intensive care between the randomised groups, though in the filtered group patients stayed an average of 0.4 days less ( − 1.6 to 0.6 days).
Secondary end points
Multi-organ failure-One hundred and sixty four patients experienced multi-organ failure (16% of the total study population). There was a significantly lower incidence in the filtered group. The overall mean odds ratio for incidence of multi-organ failure was 0.70 (0.49 to 0.99; P = 0.05).
Postoperative infections-The incidence of postoperative infections was similar in the two groups. The combined odds ratio for the three types of surgery was 0.98 (0.73 to 1.32). Table 2 and figures 2 and 3 show the odds ratios for the various groups of patients.
Hospital stay-In the total patient group, those randomised to filtered products stayed an average of 2.4 days less (4.8 to 0.0 day). Figure 4 shows the length of stay in the total population and in those patients undergoing elective surgery for aneurysm.
Analysis according to transfusion
Of the 545 transfused patients, we excluded 51 from analysis according to transfusion because of protocol violations. Within the total population analysed according to transfusion (n = 494), the result of the test for heterogeneity among the surgical groups was not significant for mortality, multi-organ failure, and infection. The overall mortality in hospital in the patients analysed according to transfusion was 15%. Neither in the patients analysed according to transfusion (0.74, 0.44 to 1.24) nor in the three types of surgery was there a significant difference for in hospital mortality between the randomisation groups. In the gastrointestinal patients the confidence interval became wider than the corresponding intention to treat estimate and covered the value of 1.0, although the point estimate itself was similar (0.53, 0.17 to 1.25).
The median stay in intensive care (25th-75th centile) of the patients analysed according to transfusion was 2 days (1-6 days). There were no differences in mean length of stay between the two groups, neither in the total population nor according to type of surgery. The incidence of multi-organ failure in the patients analysed according to transfusion was 26.1% (129/494). 
Discussion
In patients undergoing major vascular or oncological surgery, the use of filtered red blood cells for transfusions results in shorter stays in hospital and a lower incidence of multi-organ failure. Major surgery is associated with postoperative complications. We carried out this study because we had previously observed a reduced incidence of postoperative infections and death due to multi-organ failure in patients undergoing cardiac surgery who had received 4 or more units of filtered rather than non-filtered red blood cells. 17 Because our previous study could not discriminate between the interaction of the large number of transfusions and the long period of extra-corporal circulation, in the present study we selected other categories of patients with a high probability for both multiple transfusions and multi-organ failure. We selected acute ruptured and elective aortic aneurysm and major gastrointestinal surgery on the basis of retrospective analysis and on a pilot study of patients at risk of multi-organ failure and death after surgical intervention. We analysed data according to type of surgery because of differences in surgical procedures, ischaemia, and patients' characteristics and thus in potential risks for postoperative complications.
Median units/patient (25th-75th centiles) in population analysed by transfusion
We hoped to provide decision makers with evidence regarding a universal leucocyte filtration programme. The study ended early because politicians decided to mandate universal leucocyte filtration of red blood cells in the Netherlands to reduce the risk of transmission of prions through non-filtered transfusions. However, this meant that we had to stop recruitment before we reached our planned study size.
End points
Analysis of the total study population according to randomisation (intention to treat) showed no significant differences in the primary end points (mortality and stay in intensive care). With respect to secondary end points, we found a significant difference in the incidence of postoperative multi-organ failure in favour of filtered products. The incidences of postoperative infections were not significantly different between the two randomised groups. The mean hospital stay was 2.4 days shorter in the group randomised to filtered products. This effect on hospital stay was more profound in those patients randomised who actually received transfusion, with a mean reduction of 4.5 days. When we looked at patients who received 0, 1-3, 4-10, or > 10 units of red blood cells we found no dose-dependent difference between the randomisation groups. The actual number of transfused patients in this trial was 545, and only 254 patients received 4 or more units. Both the size of the total transfused population and the number of patients transfused with more than 3 units, may have been too small to detect a dose effect. 27 Although we found no significant benefit of filtered products on mortality in hospital in the total population, we did see an effect in the subgroup of patients undergoing gastrointestinal surgery. We excluded an apparent imbalance in randomisation (which could have caused this difference) by showing that with respect to relevant risk factors the distribution of randomised gastrointestinal patient to non-filtered and filtered products was balanced (table 3) . This observation is in agreement with the outcomes of a recent randomised controlled trial in cardiac surgery 28 and of the Canadian registration study. 29 These studies showed that compared with transfusions of non-filtered red 
Fig 3
Intention to treat analysis of primary and secondary end points. Effects on mortality, multi-organ failure, and infection depicted as odds ratio (filtered/non-filtered) with 95% confidence intervals blood cells, transfusions of filtered products can lead to a small reduction in mortality in hospital in patients undergoing cardiac and orthopaedic surgery and in trauma patients. We found no evidence to support the use of filtered products to prevent infection in patients undergoing major surgery. In our three previous studies that compared filtered products with red blood cells with the buffy coat removed (the standard Dutch product), we found a reduction in postoperative infections only in patients undergoing cardiac surgery who had received more than 3 units.
11 17 18 In our previous (multicentre) non-cardiac surgery study 11 and in the present study only a relatively small number of patients received 4 or more units.
Another factor that may account for the discrepancies between the randomised controlled trials is the multicentre or single centre design of the studies. The reduced incidence of postoperative infections associated with leucocyte filtration is most often shown, albeit with a large variation in magnitude, in randomised controlled single centre studies, 13-15 17 and it is seldom found in multicentre trials. 16 Differences in hospital policies, individual surgeons, heterogeneity of patients, and efforts in registration (the Centers for Disease Control and Prevention gives only positive criteria for definition of infections) all contribute strongly to differences in the (reported) incidence of postoperative infections. In multicentre trials, the centres with a fewer patients are more affected by these variables. From our 19 participating hospitals, four hospitals had included more than 90 patients each. Within these four hospitals the single centre odds ratio ranged from 0.91 (0.32 to 2.53; n = 124) to 1.76 (0.85 to 3.66; n = 153). Within the 15 hospitals that had included fewer than 90 patients, the single centre odds ratios ranged from 0.07 (0.01 to 0.58; n = 39) to 6.75 (0.93 to 49.26; n = 21).
These results illustrate that an identical study design may come up with opposing effects in different small hospitals (some effects even showing significance) and no effect in the larger hospitals or combined analyses. A large retrospective, nonrandomised, multicentre intervention study in Canada also found no effect of filtered products on postoperative infections. 29 This study comprised about 15 000 patients in intensive care who had each received a mean of 3.5 units of red blood cells. In our study, our analysis of the common odds for all the end points, including infection, in the 19 centres showed significant variation between hospitals for infection. This is explained by two centres, with a significant difference between the trial groups, in which the average inclusion rates were lower than six patients a month. However, we did not see this significant variation in infection in the four hospitals that included more than 90 patients, with average inclusion rates of more than six patients a month. We found no other significant heterogeneity between the centres with respect to the other end points.
The effect of leucocyte filtration of red blood cells on incidence of multi-organ failure did reach significance in the intention to treat population, but significance was lost in the smaller analysis according to transfusion. Another benefit of filtered products in our study was a reduction in mean length of hospital stay. The reduction in hospital stay was partly due to fewer patients who received filtered products who stayed for more than 90 days in hospital (10 non-filtered v 1 filtered). The reduction in hospital stay was present in all subgroups and most pronounced in the patients undergoing elective surgery for aneurysm who received transfusions. The two Canadian intervention studies also showed a reduction in hospital stay. 29 30 Economic evaluation Reduction in hospital stay supports the general leucocyte reduction of red blood cells by filtration. If we extrapolate the benefit of filtrated products to the Dutch healthcare system, with 16 300 aneurysm and gastrointestinal procedures a year, a mean reduction of 2.4 days in hospital would reduce the national hospital costs by €29.5m/year (£19.6m; $35.0m). In the Netherlands the annual cost of universal leucocyte depletion of red blood cells is about €20m (assuming filtration costs of €40/unit). The reduced mean hospital stay associated with filtered products could, to a large extent, compensate the extra cost of filtration in the Netherlands. In other countries where standard whole blood transfusion has been compared with filtered red blood cells, implementation of filtration seems to be cost neutral or cost saving in some settings. 27 
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Conclusion
In conclusion, although we had to stop recruiting patients before we reached the desired study size, results for some end points had reached significance. Leucocyte reduced transfusions in this group of patients undergoing major surgery significantly reduced the incidence of multi-organ failure and length of hospital stay. Our results also contribute to the discussion of the cost effectiveness of using filtered red blood cells. 
